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TECHNICAL NOTE X0. 681 
A GENERAL TANK TEST OF A XODEL OF THE HULL OF THE 
P3M-1 FLYING BOAT INCLUDING A SPECIAL TORICING CHART FOR 
THE DETERMINATION OF HULL PERFORMANCE 
By John R. Dnvson 
SUMtiARY 
The results of a general tank test of a l/6-full-size 
model of t?ne hull of the P3M-1 flying boat (N.A.C.A. model 
18) are gfven in nondimensfonal form.' In addition to the 
usual curves, the results are presented in a new form that 
makes it possible to r,pply them more conveniently than in 
the forms previously used. 
The resistance eras compared nith that of N.A.C.A. 
models 11-C and 26 (Sikorsky S-40) and was found to be 
generally less than the resistance of either. 
INTRODUCTION 
The research program for the K.A.C.A. tank includes 
the testing of.models of hulls that have been successfully 
used in actual flying boats. The data accumulated from 
such a serie.s of tests should indicate the relative merits 
of the varfous types of hull that have been developed. 
Previous tests have included models of a number of hulls 
of foreign design as me11 as some of thoso developed in 
this country. 
Because some difficulty had boon cxperionced with the 
spray from the hull of the Navy PBM-1 flying boat, a l/6 
full-size model of this hull was tested with several forms 
of spray strips; the results of the tests, nhioh mere made ~ 
for only one load and get-away speed, are reported in ref- 
erence 1. In these first tests, the spray thrown by the 
model did not appear to be excessive and tho meter rosist- 
ante compared favorably mith the resistance of other mod- 
els. On account of the satisfactory results obtained in 
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the tests with one load, a general tank test has been made 
with this model to obtain more complete data regarding its * 
performance. 
The manner in mhich the results of general tank teats 
have usually been presented has a number of disadvantages. 
These disadvantages can be overcome to some extent by plot- 
ting the data with a drfferent arrangement of the varia- 
bles. In order'to demonstrate the advisability of present- 
ing the data in this new manner, the data from the present 
tests will be presented in both the old and the new forms. 
THE MODEL 
The model as tested consisted of the same wooden model 
of the main hull that was used in the tests reported in 
reference 1. The lines of the model are shown in figure 1 
and the offsets are given in table I. The position of the 
center of moments shown in figure 1 was used in the pres- 
ent tests. 
The particulars of the model and of the full-size 
flying boat are as follows: 
Length: 
Model me---- 
Over-all . . . . . . . . 117.50 in. 
Of forebody'to main step. . 50.83 in. 
Maximum beam l , . . . . . . . '16.84 in. 
Center of moments forward 
of step . , . . . . . , . . . . 8.33 in. 
Center of moments above keel 13,18 in. 
Depth of step . . . . . , . . . 0.64 in. 
Angle of keel aft of step to 
base line .' . . . . . . . . . 60 15' 
Linear ratio of model to full 
size . . . . . . . . . . . . . . . . . . 
Full-size ----- 
58 ft. 9 in. 
25 ft. 5 in. 
8 ft. 5 in. 
4 ft. 2 in. 
6 ft. 7 in. 
3-7/8 in. 
. l/6 
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Beam: 
Percentage of over-all length . . . . . 1 . . 14.33 
Percentage of forebody length . . . . . . g . 33.13 
Forebedy: 
Percentage of over-all length . . . V . . s l 43.26 
Center of moments, distance forward 
of the step: 
Percentage of over-all length . . . . . . . . 
Percentage of forebody length . . . . . . . . 
Center of moments, distance above the keel: 
Percentage of over-all length . . . . . . . . 
Percentage of forebody length . . . . . . . . 
7.09 
16.39 
11.22 
25.95 
APPARATUS AXD PROCEDURE 
The apparatus and procedure for the general tank test 
are described in reference 2. A general free-to-trim test 
was made and the results mere published in reference 3. 
In a general test, the mater resistance of a model for a 
number of constant loads is obtained throughout the speed 
range considered practicable. 
the trim is fixed and L 
In the general fixed-trim 
test, .rimming moments are measured, 
tests being made at a sufficient number of trims to deter- 
mine the trim for minimum resistance, i.e., best trim. In 
the general free-to-trim test the model is balanced to 
bring the center of gravity to the desired position and 
allowed to pivot freely about a transverse axis through 
the center of gravity; trim is measured for each load and 
speed tested. 
Most of the present tests mere made in the fall of 
1936. Analysis of the data having indicated that addition- 
al data would be desirable, further tests vere made in the 
'fall of 1937. Some differences mere obtained at speed co- 
efficients greater than 7.0, and, since it was believed 
that the tares (which increase with speed coefficient) mere 
obtained more accurat.ely in the later tests, all test 
points obtained in the 1936 tests at speed coefficients. 
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greater than 7.0 mere repeated in 193'7; the 1936 data in 
this region are omitted from tho present report. The dif- 
ferences obtalnod in the two tests in this high-speed re- 
gion lvould not, in gcncral, greatly affect performance. 
calculations. 
RSSULTS 
The nondfmcnsional coefficients commonly in Use at 
the H.A.C.A; tank are dofined as 
i '. I 
Load coefficient, CA = --& 
,' Resistance coefficient, CR = -R g. wb3. 
.;.!; Speed coofficiont, ,. CT = ---'- 
m 
I 
! l ?,' Trfmming-moment coefficient, CM = $!z 
:;/ Draft coefficient, cd = f 
where ,,-A . is load on water, lb. 
. \- WY specific weight of nator, lb./cu. ft. (w = 63.5 lb./cu. ft. in thcso tests). 
. '. , ,. b, beam of hull, ft. _I 
!“<. v 7 speed, f .p. a. 
, Mi, trimming moment, lb.-ft. 
:/ 
i %r acceleration of gravity, ft./socm2 
: d, draft at step, ft. !/ 
Any consistent system of units may be employed. 
The air drag of the modal 2s included in the rrcLtor 
roaistnncc. Moments tendfng to rai.sc the bow aro consid- 
orod positive. 
The fixed-trim data are presontod in figures 2 to 7, 
in -which resistance coofficiont and trimming-momont coof- 
ficient aro Flottod against speed coefficient mith load 
.- 
. 
, 
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coefficient as parameter,;- each figure .'peing for one trim 
,-i. . Trim is the angle between th.e horizontal and the base 
line (fig. 1). : 
' The.original free-to-trim data are shown in figure 8 
in which resistance ,coefficient and trim are plotted 
against speed coefficfent wit3 load coefficient as parame- 
ter. T4is figure is from figure 5 of reference 3. 
The static data are presented in figure 9 tn which 
trimming-moment coefficient and draft coefficient are 
plotted against load coefficient with trim as parameter. 
Owing to the number of independent variables in a 
general tank test, 
blo, 
it is customary to eliminate the varia- 
trim, by.finding the trim that gives minimum ,resist- 
ante for each speed and load tested. This best trim has 
been found in the usual manner (see reference C) for the 
present data and the USW,~ curves obtained arc s4ctvn in 
figures 10 to 13. Figure 10 shows the resistance coeffi- 
cient at best trim plotted against speed coefficient with 
load coefficient as parnmetcr. Figure 11 shows the same 
data plotted agarnst load coofficiont,mith speed coeffi- 
cient as parameter. In figure 12, best trim To is plot- 
ted against speed coefficient and, in figure 13, the trim- 
ming-moment coefficient obtained at best trim is plotted 
against speed coefficient, load coefficient being the pa- 
rameter fn both Casey. 
Plotting the best-trim data in this manner allows the 
ready finding of the least resistance that would be ob- 
tained from the hull under any condrtion within the range 
of the test. It also permits the trims required to give 
the least resistance and the trimming moments necessary t0 
hold t6ose trims to be obtained. If, however, conditions 
prevent the obtaining of the best trim or circumstances 
are such that the trim for minimum rratcr resistance mill 
not give a minimum of the sum of the crater resistance and 
the air drag, 
Then, 
then the Sost-trim curves are inadequate. 
because of lack of control, best trim cannot 6e ob- 
tatned, an approximation to the condftion can sometimes 
be made by using free-to-trim data. In general, homevor, 
mhon tho $est-tr2m data were inadequate, it ias been do- 
sirablo to compute from the curves of original test data 
t4e reaistanco rosultin,;: from the conditions'assumed.. The 
curves of original data are not very convoniont for inter- 
polating for a number of reasons, an important ono'beinq 
. . 
- 
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that it frequently is necessary to interpolate for trim 
from sheet to sheet. This difficulty.in fnterpolation can 
be overcome by referring directly to the group of cross 
plots used in obtaining the best trim curves. These plots 
have previously been omitted from N.A.C.A. publications 
because they seemed to add. unnecessarily to the already 
bulky sets of data. A method of presenting the data that 
increases the convenience of use mithout increasing the 
bulk of the curves is to omit both the curves of original 
test data and the curves of,best-trim data and to substi- 
tute for them the cross plots. All the data found in ei- 
therof the curves that have been omitted canbe included 
in the cross plots. Apparently the only sacrifice made by 
presenting the data in thfs manner ,is the loss of a viem 
of the variation of the dependent Varfab,l.es with speed, 
although this view can be obtained by close examination of 
the cross plots, 
The usual cross plots of resistance coefficient are 
shomn in figure 14. Resistance ,coefficient is plotted 
against trim with load coefficient as parameter, a set of 
curves being made for each of a number of speed coeffi- 
cients. Similar plots mere made for the trimming-moment 
coefficients but the data from those cross plots are shown 
in figure 14 in the form of curves of constant trimming- 
moment coefficient superposed on the resistance curves* 
The speed coefficients used are selected to cover the 
range of the tests in such a manner that interpolation for 
other- speed coefficients, may be made without sensible loss 
of accuracy. The symbols shown in figuro 14 do not, indi- 
cate test points but denote points taken from the faired 
curves of the original test data (figs. 2 to 8). 
It should be noted that the data from the general 
free-to-trim tests are included in these cross plots-be- 
cause these data represent the conditions of zero moment. 
The line of best trim is shown on the curves of resistance 
coefficient. This line aids in the determination of the 
best-trim.data given in figures 10 to 13. The resistance 
co,efficient for load coefficients other than those actual- 
ly tested has been indicated in figure 14 by broken lines 
obtained by cross-plotting resistance coefficient against 
load coefficient for each trim. These lines are added to 
aid in interpolating for load coefffcient and do not dif- 
for sensibly from curves that rould have been obtained 
had the variation of resistance coefficient with load co- 
efficient been assumed to be linear betme.en any two SUC- 
cossivo load coefficients tested. 
. 
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1% is proposed that, except fn'specfal cases, curves 
similar to those of figure 14 shall fn future papers be 
presented to show the results from general tank tests, 
without the additional plots of figures 2 to 8 and 10 to 
13. These curves are, in general, quite adequate for any 
problem that can be solved. wtth data from a gensral tank 
test and, in a great many cases, they give the required 
ansmer rrith the least labor. The resistance corresponding 
to zero trlmming-moment coofficiont (free-to-trim) or any 
other *assumed trimming-moment coeffLcient.may be obtained 
with equal.facilftg. If data are wanted for any center of 
gravity other than the one corresponding to the center of 
moments used in the general tests, the trimmfng-moment co- 
efficient may be corrected for the differences between the 
two'positions by calculation; these curves may then be 
used to show the.results of such changes. Tho effect of 
inadequate controllfng nomont on resistance is probably 
moro readily ahomn on this type of plot than on any other. 
. . . 
ZOXPAZISOES 
The resistance coefficients 'of &,A.C.A. models 18; 
26, and ll-C,are compared in ffgurc 15. In this ffgure, 
the resistance coefficients at best trim are plotted against 
speed.. coefficient forsolepted load coefficients. The data 
for models 26 and 11-C are from references 5 and 6. A di- 
rect comparison'of the curves of figuro 15 assumes that, 
for a ;ivon load, the hulls of each of the throe models 
under consideration mill have tho same boam. If the tail 
extension, which is usod primarily for carrying control 
surfaces, is neglected, the thrco nodols, 18, 11-C, and 
26, ara of about the same proportions so that comparisons 
based on equal beams assume that tho hulls will be about 
tho same sizo. 
The curres of figure 15 indicate that, under practi- 
cally all the conditions shown, the resistance of model 
18 is less than that of either model 26 or model 11-C. 
Xodel 18 appears to have very good resistance characterfs- 
tics for a hull of its type and proportions. 
Langley Memorial Aeronautical Laboratory, 
National Advisory Committee for Aaronautics, 
Langley Field, Va., Cctober 5, 1938. 
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TABLE I. Offsets for N.A.C.A. Model 18 (P3M-1) Flying-Boat Bull (Inches). 
%a- Dis- 
I 
Distance from base line I Half:breadths 
.i -72 +n,,n,, Keel! Bl 1 B2 1 B3 Main Upper Straight Cove Chine Cove Bat- Deck WL3 Wfr4 bI,5 
Crown 
?.rJil4,,.¶ L 
I 
YUAAUb 
Cr.-m I I II Ichine lchine 1 bottom 1 1 I Ito= I I I I ruA- 
'A 21.8Z 3.67 5.50 'B 'C Chine ’ 13 lG lH 
lE 
tan- .37.86 5.89 3.93 'K 
gew 
15 
4.67 11.74 8.32 7.84 r 
6 l-22.00 12.78 9.80 9.18 1 1 8.171 15.53 
3.33 13.33 13.52 ! 
.O 1 36.67 13.59 10.81 10.17 / 
12 1 44.00 13.68 10.94 10.27 1 1 8.421 15.67 1 1 
1" I cn cY7113.831 I I 
i 
.Yz U"*w X3.19 10.42 -,*'- ! 
.6 58.56 T 9.67 8.53 ! 
.8 66+29 9.15 7.44 I 
10 74.02 4 9.10 6.44 8.96 17.77) 7.4414.25)2.97 1 I I 1 7.51 
O.-IA I I I I I I I 
,751 “,YlI I I 1’9.80) 5.561 9.80 le.241 6.641 ,171 .17 1 1 1 1 1 6.74 
i &Letters refer to dimensions on llgure 1. 
2Distance from center line (plane of sywnetry) to buttock (section of hull surface made by a vertical 
plane parallel to plane of sgmnetry). 
3Distance from base line to-water line (section of hull surface made by a horieontal plane parallel to 
Oase line). 
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Figure l.- Lines of N.A.C.A. model 18 (P3bi-1). 
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